If a full band gap closes and then reopens when we continuously deform a periodic system while keeping its symmetry, a topological phase transition usually occurs. A common model demonstrating such a topological phase transition in condensed matter physics is the Su-Schrieffer-Heeger (SSH) model. As well known, two distinct topological phases emerge when the intracell hopping is tuned from smaller to larger with respect to the intercell hopping in the model. The former case is topologically trivial, while the latter case is topologically non-trivial. Here, we design a 1D periodic acoustic system in exact analogy to the SSH model. The unit cell of the acoustic 1 system is composed of two resonators and two junction tubes connecting them. We show that the topological phase transition happens in our acoustic analog when we tune the radii of the junction tubes which control the intercell and intracell hoppings.
INTRODUCTION
The field of topological physics is growing rapidly in condensed matter physics, from quantum Hall effect 1 to topological insulators 2 and Weyl semimetals 3 .
Topological insulators possess topologically non-trivial band gaps and support one-way surface states. Berry phase [4] [5] [6] [7] is usually utilized to characterize the topological phase in both classical and quantum system [8] [9] [10] [11] [12] . In three-dimensional (3D) system, two bands linearly intersect each other at the Weyl point 13 , and a Weyl point is a source or drain of Berry flux, that is, a topological charge characterized by the surface integral of its Berry curvature 14, 15 . In two-dimensional (2D) system, the surface integral of Berry curvature is indicated by a Chern number 16 . In addition, for one-dimensional (1D) system, the integral of Berry connection is defined as a Zak phase 17 .
In the 1D system, one of the most representative models with topologically non-trivial phases is the Su-Schrieffer-Heeger (SSH) model 18 . This model describes the electrons' staggered hopping in the joint of unit cells, and there are two distinguished kinds of hopping defined as intracell hopping and intercell hopping in this model [18] [19] [20] [21] [22] [23] [24] [25] . By controlling the hopping amplitude, energy band gap of the 1D chains can close and reopen which implies the topological phase transition 26 . For instance, in the 1D system, if the strength of intercell hopping is stronger than that of intracell hopping, this system possesses a topological non-trivial phase. Otherwise, if the strength of intracell hopping is stronger than that of intercell hopping, the system possesses a topological trivial phase. When the 1D lattice with topologically non-trivial phase, topological edge states can be observed 25, 27 . Moreover, topological interface states emerge when two lattices with different topological phases are connected 18 . Inspired by the SSH model, the topological phase in the 1D system has been extended to various classical wave systems, such as mechanical lattice 28, 29 , photonic crystal 30 and phononic crystal 31 .
Phononic crystals are artificial materials that can periodically modulate acoustic waves and possess acoustic band gaps. The band structures of phononic crystals can be tuned by changing the geometric parameters. Specifically, the acoustic band gaps can be tuned from closed to reopen, and the band inversion implies topological phase transitions 17, 30, 32, 33 . Topological acoustics in higher dimensional systems [34] [35] [36] [37] [38] [39] [40] and 1D systems 30, 41 have been frequently discussed. Phononic crystals in the audible-sound regime usually have macroscopic dimensions so they can be adjusted easily. As a consequence, the analogs of topological insulators in the acoustic system can be designed and fabricated very conveniently and may have potential applications in monochromatic sound generator 42 .
In this work, we experimentally validate a kind of 1D phononic crystal whose topological properties can be mapped to the SSH model. The phononic crystal is 
RESULTS AND DISCUSSION
The experimental setup and sample are shown in Fig. 1(a) . The sample consists of two kinds of phononic crystals, which are both fabricated by a 3D printer using Fig. 1(b) , and the dimensions are a=200 mm, t=5 mm, r=40 mm, h=80 mm, w 1 =13 mm, and w 2 =20 mm. The sketch of unit-B is illustrated in Fig. 1(c) , and the geometric parameters are the same as unit-A, except for w 1 =20 mm, w 2 =13 mm. As depicted, the intercell hopping is controlled by the wave-guiding junction tube with radius w 2 in the center of the unit cell, while the intracell hopping is controlled by the wave-guiding junction tube with radius w 1 near the boundaries of the unit cell. The system is filled with air, and the thickness of the walls of the samples t is large enough (> 2 mm) to be regarded as rigid boundaries. To confirm the values of the Zak phase determined from the field symmetry, we also numerically calculated their values. We adopt the sign convention e iωt for harmonic time dependence in this work. The Zak phase for each band can be defined
where k is the Bloch quasi-momentum, ( )
is the periodic Bloch's function, ψ k (x) is the Bloch wave, and a is the period. More specifically, the Zak phase for the n-th isolated band of our acoustic system can be expressed as [44] [45] [46] [47] :
where θ n Zak represents the Zak phase of the n-th band, ρ is the density of the air, ν is the speed of sound in air, and u n,k (x,y,z) is the periodic-in-cell part of the normalized Bloch eigenfunction of the state on the n-th band with wave vector k. The Zak phase in our system can be any value if we use an arbitrary choice of the unit cell 17, 43 .
However, if the chosen unit cell possesses mirror symmetry, the value of the Zak phase is equal to either 0 or π. The calculated Zak phase (0 or π) for a mirror symmetric system still depends on the choice of the origin, and in this work, the origin is at the center of the unit cells depicted in Figs. 1 and 2 . The calculated results confirm the previous predictions based on the symmetry of the band edge states.
The topological properties of the phononic crystal in this paper can be modulated by the geometric parameters of each unit cell. Here, we change the difference of the radius for two horizontal junction tubes δw (δw = w 1 − w 2 ) to realize the topological phase transition. In order to observe the evolution of eigenmodes in the parameters space, the eigenfrequnency of each band edge state is illustrated in Fig. 3 . As shown in 2). Here, we chose a set of suitable values of δw to constitute phononic crystals with different topological phases and connect them to realize topological interface states in the first band gap. In Fig. 1(a) , the radius difference for the left-side phononic crystal is chosen to be δw = -7 mm and for the right-side one is chosen to be δw = 7 mm (this whole structure is referred as S 1 ). The eigenmodes of S 1 are shown in Fig. 4(d) . For comparison, another set values of δw are chosen to be δw = -7 mm and δw = -3 mm on the left and right hand, respectively (this whole structure is referred to as S 2 ). The eigenmodes of S 2 are shown in Fig. 4(a) , it can be observed that there exist eigenmodes with eigenfrequency in the middle of the band gap (indicated by red line).
This comparison proves that topological interface states emerging when the topological phase transition occurs, which implies the topological phases for the two phononic crystals on either side of the junction are different.
In addition, the transmission spectra of S 2 are simulated and measured, and the results are shown in Fig. 4(b) and Fig. 4(c) , respectively. The corresponding results for S 1 are shown in Fig. 4(e) and Fig. 4(f) . Comparing the transmission spectra of S 1 and S 2 , an obvious transmission peak can be observed in either the simulated or the measured transmission spectra for S 1 . As shown in Fig.4 , the experimental transmission spectra reproduce the simulated one quite well, and the deviation is less than 3%. The lower amplitude for the measured transmission spectra is mainly caused by friction dissipations and also leakages of sound from the sample, which is hard to avoid since the plastic boundaries are not strictly rigid (see Supplementary Note 4). In summary, the existence of topological interface states has been soundly proven and observed by the eigenfrequency spectra and the transmission spectra. To further verify the existence of the interface state in the first band gap of S 1 , the special field distributions of acoustic pressure for the interface state is measured. The simulated field distributions of acoustic pressure for the interface state are shown in Fig. 5(a) . We make many periodic holes on the samples to probe the internal acoustic field by inserting the microphones into the holes. When measuring the acoustic field at some of the holes, all the other holes are sealed with rubber plugs to prevent sound leakage. The measured spatial distribution of acoustic pressure field is shown by red circles in Fig. 5(b) and the simulated field distribution along the central line of the sample (indicated by the red dashed line in Fig. 5(a) ) is shown as the black solid line for comparison. It can be observed in Fig. 5(b) the profile of the acoustic pressure for the interface state decays exponentially away from the interface junction (x=0).
Excellent agreement has been achieved between the measurement and the simulation, and it confirms that the acoustic pressure is localized in the vicinity of the interface which is a key indicator of interface states. Analogous to the SSH model, except for the topological interface states realized by connecting two phononic crystals with different topological phases, the topological edge states at the ends of phononic crystals of topologically non-trivial phases can be obtained as well [25] . 
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